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 In this study, the focus was on the optimum design of laminate stacking 
sequences (LSS) of basalt fiber reinforced composite (BFRP). Composite is a 
combination of two or more materials, which are commonly known as reinforcement 
and matrix. As for this project, basalt was selected as the reinforcement since this 
material still need a thorough study before it can be used for application, while epoxy 
was used as the matrix. There are many factors that could affect the properties of a 
composite such as fiber matrix bond, the type and volume of fiber, the distribution 
and orientation of fiber within the matrix, the ability to obtain isotropic and 
orthotropic behavior if required, ease of handling of the reinforcement and a suitable 
method for manufacture. Because of these factors, the mechanical properties of a 
composite might be different from each other. For that reasons, the analysis for 
BFRP has been conducted by Finite Element Analysis (FEA) software, ANSYS 
Composite Pre-Post (ACP). Firstly, the simulation was validated with previous 
experiment conducted in the selected literature. A nonlinear simulation for three-
point flexural test was done for the validation purpose and the results obtained from 
the simulation were compared with the experimental results from literature. From the 
result, it was shown that the plotted line of load-displacement graph for ANSYS 
result was acceptable. Then, the simulation was extended to the designing of 
different layup sequences of basalt fiber reinforced composite (BFRP) which was 
aimed for maximum strength and stiffness. Several combinations of different 
orientation angles were introduced on the layers, and the results obtained showed that 
the increase in orientation angle θ leads to the decrease in composite stiffness. Stress-
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  CHAPTER 1 
INTRODUCTION 
1.1 Background of Study 
Composite materials are generally defined as a combination of two or more 
constituent materials which have different properties. By doing so, a new material is 
fabricated with new and additional mechanical properties. Usually, the aims for 
producing composites are to obtain a strong, stiff and lightweight material [1]. Two 
main components of a composite material are matrix and reinforcement. When the 
composite is subjected to forces, the matrix would transfer the stresses to disperse 
phase, and also protect the reinforcement. On the other hand, the primary role of 
reinforcement in composite material is to enhance the mechanical properties of the 
material.  
Many types of reinforcement are being used in producing a composite, and 
the most famously used reinforcements are carbon and glass. In composite 
manufacturing process, these reinforcements are in fiber form. Carbon fibers and 
glass fibers are widely adopted in the composite industry due to their superior 
properties such as good strength-to-weight ratio, high modulus of elasticity and 
density [2]. Because of these reasons, composite is enchanting for various application 
such as automotive industry, civil structures, aircraft, marine and public work 
industries.  
Recently, the attentions in composite industry are to produce a composite 
with a lower cost and also biodegradable. Carbon fiber is known for its expensive 
price compared to the other fibers such as glass fibers and kenaf fibers. However, the 
mechanical properties of these two fibers are not as good as carbon fibers 
eventhough their price is much affordable. These issues can be solved by using a new 
mineral fiber which is basalt [3]. Basalt fiber is a newcomer in composites industry 
and a possible candidate that could be commercialized due to its good mechanical 
properties and potentially low cost [4]. Basalt as shown in Figure 1.1 is a type of 
volcanic rock that emerged from the earth surface during volcanic eruption and it 
was formed from a rapid cooling process of the basaltic lava. Besides, a large area of 




Figure 1.1: Volcanic basalt rock [6] 
Since basalt fiber is still young in the composite field, a lot of studies and 
researches have to be done to determine the performances of this fiber. The most 
important parameters that could affect the mechanical properties of a composites are 
fiber matrix bond, the type and volume of fiber, the distribution and orientation of 
fiber within the matrix, the ability to obtain isotropic and orthotropic behavior if 
required, ease of handling of the reinforcement and a suitable method for 
manufacture [7]. As for this project, the intention would be to find the optimum 
layup design and orientation of basalt fiber reinforced composite (BFRP) by 
comparing the mechanical properties values.  
 
1.2 Problem Statement 
 Appropriate and acceptable properties of fiber reinforced composite (FRP) 
must be selected to suit with the applications. Mostly FRP products were produced in 
the forms of composite that have different number of layers and orientations. 
Because of that, the mechanical properties of the FRP would be different and correct 
selection has to be made. Basalt fiber has to be further analyzed as it is a new comer 
in the FRP industry.  
 Therefore, it appears to be very important to design and model the layup 
stacking sequences (LSS) and orientations of BFRP by using Finite Element 





 Various LSS and orientation would result in different outcome from the FEA 
simulation. Significantly, these following objectives would be helpful to understand 
the behavior and properties of BFRP. 
1. Design and model of different kinds of basalt fiber layup. 
2. Analyze the stress distribution of the layup schemes. 
3. Determine the optimum layup design which aim for maximum 
strength and stiffness.  
1.4 Scope of Study 
The project would be focusing on Finite Element Analysis (FEA) of basalt 
fiber reinforced composite (BFRP) by using ANSYS software as the simulation tool. 
The FEA will be done by simulating the flexural test of BFRP according to ASTM 
D790 with different stacking sequences. The scope of the project is achievable within 
the time frame given for the final year project, which is for two semesters. It is not a 
















2.1 Comparison of Materials Properties 
 Mostly fiber reinforced composites are produced with the aim to obtain better 
mechanical properties. It was claimed that basalt fiber has the potential to be an 
alternative material instead of carbon that is more costly and also glass fiber, which 
has lower mechanical properties [8]. From Table 2.1, it was noticed that the tensile 
strength for basalt fiber is way better than carbon fibers, but slightly higher than S-
glass fiber. In a simple word, basalt fiber would have an excellent resistance from 
breaking when subjected to tensile load. Eventhough glass fibers are definitely 
cheaper than basalt fibers in terms of price per kilogram in 2007, but they have low 
properties compared to basalt fibers properties. Comparing the price for basalt and 
carbon, it can be seen clearly that carbon is USD27.5 more expensive than basalt. For 
that reason, basalt would be more affordable with higher mechanical properties than 
carbon. According to Burger in his report for Reuters [9], the price for carbon fiber in 
2014 is 140 USD/ kg, which is way too expensive compared to basalt fiber that cost 
only around 1.5-5.4 USD/kg [10].  
 
Table 2.1: Basalt fiber properties, comparisons with glass and carbon fibers 
properties [5,11] 
Properties Material 
Basalt E-glass S-glass Carbon 





4840 3450 4580 3500 2500-4000 
Elastic Modulus 
(MPa) 
89,000 72,400 85,500 240,000 350,000-
650,000 
Elongation at break 
(%) 
3.1 4.7 5.6 1.25 0.5 
Density (g/𝒄𝒎𝟑) 2.8 2.6 2.5 1.75 1.95 
Price (year 2007) 
(USD/kg) 








































Moving on with the thermal aspect as shown in Table 2.2, all the thermal 
properties are in favor of basalt fiber. Basalt fiber provides good heat resistance with 
higher maximum application temperature and lower thermal conductivity than glass 
fibers. Moreover, basalt fiber also exhibits good performance at high temperature 
which makes it more preferable nowadays.  
 
Figure 2.1 shows heat deflection temperature and Vicat softening temperature 
of basalt fiber reinforced poly (butylene succinate) composite (BF/PBS), and it is 
clearly illustrated that the heat deflection temperature for (BF/PBS) is increased by 
40% from 82°C to 114°C while Vicat softening temperature also increased from 
96°C to 109°C with increasing content of basalt fiber [11]. With this result, it was 
noticed that basalt fiber is a good material as an alternative to the other high 
temperature resistance fiber such as carbon, where the main applications of this 




Figure 2.1: Heat deflection temperature and Vicat softening temperatures of BF/PBS 
composites with various basalt fiber content [11] 
 
On the other hand, the natural fiber of basalt is also better in terms of 
chemical properties as compared to other glass fibers. Basalt fiber does not release 
any chemical elements when heated since no additives or solvents are needed during 
the production process [5]. In addition, basalt is also more resistant to acid and alkali, 
can withstand less degradation by water and alkalis [5].  Because of that, it could be 
said that the production process of basalt fiber is completely environmental friendly, 
and it could be recycled. 
 
 
2.2 Effect of Laminate Stacking Sequences (LSS) on Composite Properties 
Before being widely used in the applications, BFRP might be produced or 
manufactured in laminates form. Usually, laminates of the fibers are made of several 
types of layup sequences and fiber orientation in order to enhance the properties of 
the laminate composites. The reason for this purpose is to allow the laminate to 






























Figure 2.2: Schematic illustrations of laminates with various layup sequences [12] 
 There are three types of common laminates that are made up of different layer 
orientations as shown in Figure 2.2. These three types of laminates would behave 
differently from each other if subjected with the same load. Because of that, proper 
selection must be made since the properties of these laminates are not the same due 
to the layer sequence and orientation. More than that, the number of layup layer can 
also be added symmetrically or unsymmetrically. Therefore, it is important to predict 
and observe the behavior of BFRP with the aim to find the optimum layup design 
with maximum strength.  
Table 2.3: Laminates stacking sequences for basalt and glass [3] 






Tensile ASTM D3039 Basalt [0/9]16 2.5 
Glass [0/90]8 2.5 
Compression ASTM D695 Basalt [0/90]25 12.7 
Glass [0/90]20 12.7 
Flexural ASTM D790 Basalt [0/90]16 2.6 
Glass [0/90]10 2.6 
 
Some previous studies prove that different LSS will affect the properties of 
the composites. Table 2.3 indicates the stacking sequences of the composites used for 
comparison of Young’s modulus, obtained for BFRP and GFRP from three different 
experiments which are tensile test, flexural test and compression test. It was shown in 
Figure 2.3 that the Young’s modulus values for BFRP are significantly higher, 
35%~45% higher than GFRP [3]. It was observed that the difference in LSS played 
an important role in the results obtained.  
Unidirectional 
laminate [0/0] plies 
 
Orthotropic  








 Figure 2.3: Comparison of tensile, flexural and compressive Young’s 
modulus between basalt and E-glass fiber composites [3] 
 
Meanwhile, the results for ultimate strength for both composites show some 
contradiction. It can be seen from Figure 2.4 that the glass composite showed better 
result for ultimate strength when subjected to tensile test. However, flexural and 
compression test still showed that basalt has better ultimate strength than glass. As 
quoted by Lopresto et al. [3], “It is possible to observe that basalt fiber reinforced 
plastics showed similar tensile and bending strength, meaning that the major bending 
failure happened in tensile way. The same did not happen for glass fiber specimen 
that showed different and very low flexural and compressive ultimate strength 
compared to the basalt ones.” 
 
 
Figure 2.4: Comparison of tensile, flexural and compressive ultimate strength 

























































This indicates that the bending failure mechanism for both fibers is different.  
All the results for this experiment was obtained by using the same stacking 
sequences angles which were 0° and 90° while the number of plies were designed to 
match the same thickness for both composite. On the other hand, other study [13] 
had been conducted to investigate the properties of composite when subjected to 
different LSS angles while maintaining the layup numbers. Figure 2.5 shows the 
effective elastic modulus in X-direction obtained for Nicalon/SiC composite 
according to the stacking sequences as in Table 2.4. The results show that various 




Figure 2.5: The effect of different stacking sequence with a fixed ply number [13] 
 
There were four specimens of different ply number for each LSS. It was 
observed that for laminate with 11 plies number, the effective elastic modulus in x-
axis for stacking sequence of [0/30/60] is 253.8 GPa, while for stacking sequence of 
[30/60/0] the effective elastic modulus obtained is 233.9 GPa [13]. The same trend 
was also observed for ply number 10 and 13. However, the effective modulus is not 
sensitive to the ply number 12 even with difference of LSS. The reason is probably 
that 12 is a good number of integer multiplier for the plies with [0/30/60] layup. For 
that reason, Zhao et al. [13] concluded that the right number of plies must be chosen 





















































 Furthermore, LSS orientation also might affect the maximum tensile stress. 
Figure 2.6 shows two set of results with different situation. Figure 2.6 (a) illustrates 
that the same number of ply with different LSS orientation would result in various 
maximum tensile stress obtained. Meanwhile, Figure 2.6 (b) shows the maximum 
tensile stress for the same LSS orientation of [0/30/60] with different ply number.  
 
                                    (a) 
 
 
                          (b) 
 
Figure 2.6: (a) Maximum tensile stress for different LSS orientation with the same 
ply number, (b) Maximum tensile stress for different ply number with the same LSS 
orientation of [0/30/60] [13] 
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 Moreover, the fracture toughness also might be affected by the LSS as shown 
in Figure 2.7. The materials used for this experiment was carbon fiber with epoxy as 
the matrix. Each LSS was constructed with a symmetrical 4 plies and being tested for 
the failure load by conducting the tensile test. The highest failure load was shown by 
LSS with 15° orientation which could withstand 6516 N of load while 90° 
orientation is the lowest with 3680 N [14]. From the results, the failure loads tends to 
decrease with the increase of fiber orientation. Meanwhile, Houshyar et al. [7] also 
showed the same trend of results as in Figure 2.8. 
 
Figure 2.7: Variation of failure loads with fiber orientation angle [14] 
 
  













































Another study had been conducted by Subagia et al. [2] to investigate the 
properties of two different composite materials, which are basalt fiber and carbon 
fiber. This study was conducted with a fixed 10 number of plies. Nine samples 
consisted with several combinations of carbon/basalt fibers and layup sequences as 
shown in Figure 2.9 had been tested for their flexural strength with three-point 
bending test. Referring to the result in Figure 2.10, various values of flexural 
properties were obtained for all the samples. The highest flexural strength and 
modulus was shown by carbon fiber, while the lowest was shown by basalt fiber. 
Eventhough these two materials show different flexural results, it was clearly shown 
that by changing the layup sequences (in this case by having hybrid composite) the 
flexural strength and flexural modulus are affected. These results proved that the 
properties of the laminate are dependent on the layup sequences of the composite. 
 
Figure 2.9: Different stacking sequences of carbon (C) and basalt (B) fiber plies [2] 
 
 
Figure 2.10: Average flexural strength and modulus of CFRP, BFRP and interply 




























































3.1 Project Flow Chart 





















Figure 3.1: Flow of the project 
Select an experiment from 
literature for validation  
Review on layup stacking 
sequences of composite 
START 
Simulating of the composite 
model using ANSYS 
 ASTM D790 
3-Points Flexural Test 
(Bending test) 
 
Develop and simulate layup 






Plot, retrieve, and 




3.2 Composite Material Properties 
 The analyzed material for the simulation was assumed as isotropic with 100% 
volume of fiber. Carbon fiber and glass fiber were used for validation and benchmark 
purposes, while basalt fiber was used as the main material for LSS design. Table 3.1 
shows the materials properties for pre-impregnated fibers with epoxy used for the 
validation purpose.  
Table 3.1: Properties for the materials [15] 
Properties Material 




X 37700 29700 121000 
Y 5237 4000 8600  
Z 5237 4000 8600  
Poisson’s 
Ratio 
XY 0.2 0.22 0.27 
YZ 0.21 0.23 0.4 




XY 2050 2070 4700  
YZ 3630 3070 3100  
XZ 3630 3070 4700  
 
3.3 FEA Procedures for Result Validation  
 At the end of this project, an optimum design of LSS will be established for 
BFRP by selecting the best strength and stiffness composite. Several steps are 
required to be followed in order to achieve the desired results. This is important to 
ensure that the project is successful. First of all, some knowledge on composite and 
engineering materials are needed to understand the problem statements and the 
objectives by reading and analyzing the literature review. Second step is modeling 
and simulation. For this part, data and properties of BFRP must be correctly gathered 
and keyed in the ANSYS software for simulation process. The second step will start 
by the selection of a previous experiment from literature for validation purpose. For 
the simulation, an experiment set up by Subagia et al. [2] was considered. This 
experiment was selected due to its feasibility, and also the availability of orthotropic 
15 
 
materials properties for carbon fiber. The materials properties needed for composite 
simulation must be in 3 directions (orthotropic) [16]. The main focus for the 
validation is to ensure that FEA simulation will produce the same results as the 
experiment done in the literature. A three-point flexural test was simulated according 
to ASTM D790. The dimension of the carbon fiber composite is as shown in Figure 
3.2.  
Table 3.2: Dimensions for Cabon/Epoxy composite 
Properties Dimension 
Length 76.2 mm 
Width 12.7 mm 
Thickness of Composite 2.3 mm 
Span Length 73.6 mm 
Number of layers 10 layers 
Span-to-depth ratio 32 
Figure 3.2: Dimension (in mm) of the carbon/epoxy composite 
A composite with ten layers of carbon/epoxy was created using ANSYS 
composite pre-post (ACP). The simulation was done under static structural stand-
alone analysis as shown in Figure 3.3. The mesh was generated for the specimen as 
shown in Figure 3.6. Two simple supports were applied to represent the span 
supports as in Figure 3.8. After that, a range of load from 100 N to 1000 N was 
applied on the composite in Y-direction, Figure 3.10. The results of the simulation 
are shown in Figure 3.12. Then, the simulation result obtained was compared and 
analyzed with the experimental result from literature as in Table 4.1, and Figure 4.1. 
Step by step procedure is described in the following pages.  
16 
 
1. Selection of analysis. Static structural analysis as in Figure 3.3 was selected for 
flexural test simulation. 
 
Figure 3.3: Static structural stand-alone analysis  
2. Materials properties for all the fibers were inserted into engineering data, refer to 
Figure 3.4. 
 
Figure 3.4: ANSYS engineering data for defining materials properties 
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3. Figure 3.5 shows the plane model of the composite which was designed using 
SOLIDWORK and imported into the ANSYS. 
 
Figure 3.5: Importing the composite geometry 
4. The imported geometry was meshed with program controlled sizing as shown in 
Figure 3.6. 
 





5. Simple supports were applied on 2 lines (blue color), refer to Figure 3.7.  
 
Figure 3.7: Simple support applied (blue color) 
6. The number of steps were set up to 10 steps as shown in Figure 3.8 with large 





Figure 3.8: Steps control setting 
7. Then, a range of force from 0-1000 N was applied on the composite surface as in 
Figure 3.9 and Figure 3.10. 
 
 




Figure 3.10: Force applied on the composite (red color) 
8. Total deformation was selected under solution as the desired output, refer to 
Figure 3.11. 
 
Figure 3.11: Inserting total deformation under solution branch 







Figure 3.12: Example of the simulation result on the composite 
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3.4 FEA Procedures for Designing Layup Stacking Sequences 
 After the simulation was validated with acceptable results compared with the 
literature results, the layup stacking sequence could now be designed on basalt fiber 
reinforced composite. All the steps considered are mostly the same steps as being 
done during validation, where the only changes are on the properties of the material 
and also the introduction of the angle orientation of the fiber for each layer. For 
benchmarking purpose, three types of material which are basalt fiber, glass fiber and 
also carbon fiber were simulated with the same layup stacking sequence in order to 
study the strength of these three materials. All the properties are as shown earlier in 
Table 3.1. Ten layers of 0° angle of fiber was introduced for each material.   
The results for these three materials were compared as a benchmark to 
overview the strength of the basalt fiber with carbon fiber and glass fiber when 
subjected to ten layers of 0° fiber orientation. The results were collected and 
discussed later on the next chapter. Then the next step is to proceed with designing of 
different models of BFRP with varying angles of stacking sequences. The results for 
the basalt fiber with ten layers of 0° fiber orientation was taken as the benchmark in 
designing the stacking sequences and labeled as sample 1 (S1). There were 12 
samples of BFRP with different layup stacking sequences designed and categorized 
into alternate, alternate symmetrical and random symmetrical. Table 3.3 shows the 
summary of the layup stacking sequences for all the samples.   
The same 3-point flexural test simulation was done for all the samples, and 
the entire boundary conditions were applied according to the steps taken during the 
validation process. The fiber orientation was introduced inside ANSYS composite 
pre-post (ACP), where each layer will be predefined with the desired angle 
orientation. The 0° angles of the fiber was set to be parallel with the composite 
length, and every incremental of angle will follow clockwise direction as shown in 
Figure 3.16 until Figure 3.20. All the samples were simulated with the same range of 
load between 100 N until 1000 N, then the deflection result was plotted inside 
ANSYS and being compared and further analyzed. Step by step procedure for 




Table 3.3: Layup stacking sequences for each sample 
Sample Fiber Type Stacking Sequence Design Category 
S1 Basalt Fiber [0]10 Default/Benchmark 
S2 Basalt Fiber [0/45/0/45/0]𝑆 Alternate 
Symmetrical S3 Basalt Fiber [0/60/0/60/0]𝑆 
S4 Basalt Fiber [0/90/0/90/0]𝑆 
S5 Basalt Fiber [0/45]5 Alternate 
S6 Basalt Fiber [0/60]5 
S7 Basalt Fiber [0/90]5 
S8 Basalt Fiber [45/0/0/0/0]𝑆 Random 
Symmetrical S9 Basalt Fiber [60/0/0/0/0]𝑆 
S10 Basalt Fiber [0/45/90/0/60]𝑆 
S11 Basalt Fiber [45/0/0/90/60]𝑆 
S12 Basalt Fiber [0/0/45/0/0]𝑆 
 
1. Figure 3.3 shows ANSYS Composite Pre-Post stand-alone analysis was linked 
with static structural stand-alone analysis. 
 
Figure 3.13: Static structural stand-alone analysis with ANSYS Composite                
Pre-Processing (ACP) 
2. The fabric thickness and stackup sequences were defined inside ANSYS ACP 
setup. Ten layers of fabrics were designed with a thickness of 0.23 mm for each 




Figure 3.14: ANSYS composite pre-post (ACP) setting for layer thickness  
 
Figure 3.15: ANSYS composite pre-post (ACP) setting for fiber orientation  
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3. Then, the number of layers for the composite will be automatically generated 
according to the defined thickness and angle orientation as shown in Figure 3.16. 
Figure 3.16: Layers of the composite 
Figure 3.17: 0° fiber orientation 
 







Figure 3.19: 60° fiber orientation 
 
Figure 3.20: 90° fiber orientation 
4. After defining the LSS and fiber orientation, then repeat all the steps taken on 
Section 3.3 to apply the boundary conditions.  
 
3.5 Progress Summary and Milestone 
  Project Gantt chart and key milestones shown in Table 3.4 and Table 3.5 for 
FYP 1 and FYP 2 respectively were established in order to ensure the smoothness of 




Table 3.4: Gantt chart, milestones and project activities for FYP1 
No. 
Activity/Week Comment Submission/ 
Dateline 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 FYP1 first briefing Done 15/1/2014               
2 Project selection Done 23/1/2014                             
3 First meeting with supervisor Done 27/1/2014                             
4 FYP1 second briefing Done 29/1/2014               
5 Literature review Read 30 journals/articles -                             
6 Field trip to SIRIM Shah Alam Wood polymer composite 11/2/2014                             
7 
Working on the extended 
proposal 
Done 23/3/2014 
                            
8 First draft of extended proposal 
Need review from SV - 
Done 
Δ 
                           
9 
Submission of extended 
proposal 
Done 23/2/2014 
              
10 Literature review continuation Done                
11 ANSYS training  Hands on training Δ               
12 Proposal defense Done Δ               
13 Validation of results  
Find one experiment and 
validate the result using 
ANSYS 
Δ 
              
14 Working on the interim report Done                
15 First draft of interim report Need review from SV Δ               
16 Submission of interim report Done 20/4/2014               
 
*Note = Milestones are indicate with “Δ” symbol on the Gantt chart. 
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Table 3.5: Gantt chart, milestones and project activities for FYP2 
No. 
Activity/Week Comment Submission/ 
Dateline 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 First meeting with supervisor Done 22/5/2014               
2 Validation for non-linear result Done Δ                             
3 
Obtaining orthotropic material 
properties for basalt and glass 
fiber  
Taken from PHD student 3/6/2014 
                            
4 
Discussion on non-linear 
simulation 
Discussion with SV and 
PHD student 
Δ 
              
5 
Design and simulation on layup 
stacking sequences for BFRP 
Design several layup and 
orientation 
Δ 
                            
6 Working on the progress report Done 6/7/2014                             
7 Submission of progress report Done 6/7/2014                             
8 
Pre-SEDEX poster and 
presentation 
Prepare a poster Δ 
                           
9 
Submission of dissertation draft 
to supervisor 
 10/8/2014 
              
10 Submission of technical paper  Δ               
11 Oral presentation (VIVA)  Δ               
12 Submission of dissertation Hard bound copy Δ               
 





RESULTS AND DISCUSSION 
4.1 Results Validation with Carbon Fiber 
 The validation results were obtained from a nonlinear simulation of carbon 
fiber reinforced composite (CFRP). Figure 4.1 shows the plotted load versus 
displacement graph by comparing the results from ANSYS and literature. It could be 
clearly seen that the results from ANSYS and the literature agree well in the elastic 
region where both of the lines were overlapped. In the plastic region, the literature 
results show that the CFRP would fail at 800 N meanwhile there was no failure 
shown for ANSYS result. This is one of the disadvantages of the ANSYS where the 
failure criterion has to be defined accordingly. Assumption made for the simulation 
was that the composite is in perfect condition with 100% fiber volume, this might be 
the reason why the lines in plastic region were not overlapped, and the values 
obtained were slightly different in this region. Other reason that could affect the 
ANSYS results might be the properties of carbon fiber. The simulation was done by 
using the default orthotropic properties of carbon from ANSYS which possibly might 
be different from the real properties of carbon fiber used by the literature.  
 


















 Looking at the graph for ANSYS results, the line would become less steep 
after 800 N, and this behavior could be considered as the failure point of the CFRP in 
ANSYS. Therefore the highest load that the fiber could withstand is around 850 N 
where the value is taken just before the graph became flat. Table 4.1 and Figure 4.2 
show the comparison of the results up to 800 N, where the real CFRP from the 
literature would break.  








4.2 Benchmarking of Results 
 The purpose of result benchmarking is to compare the strength of the BFRP 
with GFRP and CFRP when subjected to the same fiber orientations with ten layers. 
The fiber orientations were set as 0° for all the layers of each composite. The results 
obtained are as shown in Figure 4.2.  From the figure, CFRP shows the steepest 
behavior and rapid load rise among the other two composites. Besides, it also shows 
a low displacement behavior, indicating a brittle property. On the other hand, GFRP 
shows a contrary behavior with a slow load rise, largest yield displacement and 
lowest maximum load among the three samples. This is suggesting that GFRP has a 
good ductility primarily due to the high elongation of glass fiber. Meanwhile, BFRP 
results fall in the middle of the CFRP and GFRP. Thus, it could be concluded that 
basalt fiber would have a better ductility than carbon fiber and also a better strength 






0 0 0 
100 0.33098 0.331646 
200 0.63242 0.703797 
300 0.95467 0.997468 
400 1.327 1.29367 
500 1.6593 1.58734 
600 1.9914 1.92152 
700 2.3356 2.21519 
800 2.8291 2.77975 
900 3.8863 - 




Figure 4.2: Load versus displacement comparison for BFRP, GFRP and CFRP 
 The load and deformation obtained from ANSYS were used to calculate the 
flexural stress and flexural strain for the three composites. Then, the stress-strain 
curves were plotted in order to further study the behavior of the composites. Below 
are the two formulas being used to calculate the stress and strain according to ASTM 
D790 standard [18].  
    𝝈𝒇 = 𝟑𝑷𝑳/𝟐𝒃𝒅
𝟐                                                        (1) 
where:  
𝜎𝑓 = stress in the outer fibers at midpoint, MPa  
𝑃 = load applied, N       
𝐿 = support span length, mm 
𝑏 = width of the composite, mm 
𝑑 = depth/thickness of the composite, mm 
 
    𝜺𝒇 = 𝟔𝑫𝒅/𝑳
𝟐                                                             (2) 
where: 
𝜀𝑓 = strain at outer surface, mm/mm 
𝐷 = maximum deflection at the center of the composite, mm 
𝑑 = depth/thickness of the composite, mm 


























Figure 4.3: Stress-strain curve for BFRP, GFRP and CFRP 
  Figure 4.3 shows the stress-strain curve for all the three materials. By 
comparing Figure 4.2 and Figure 4.3, the patterns of the lines for both of the figures 
are the same since the stress-strain are derived from the load-deformation, and it is 
following the two formulas considered. From both of the formulas, all the values are 
kept constant except for applied load and the deformation. Therefore, the pattern of 
the graph obtained will be the same. From Figure 4.3, BFRP still falls in between 
GFRP and CFRP with a maximum stress value at 850 MPa. This behavior of BFRP 
will be used as a benchmark in designing several layup stacking sequences of BFRP.  
4.3 Results for Layup Stacking Sequences of BFRP 
 The layup stacking sequences considered could be grouped into three 
categories depending on the fiber orientations, which are alternate, alternate 
symmetrical and random symmetrical. These three categories produced a different 
pattern of results. Based on Figure 4.4, it can be concluded that sample 2 until 
sample 4 that have alternate symmetrical fiber orientation show a higher load rise 
and strength compared to alternate fiber orientation. Moreover, this also portrayed 


























                                                                                 
 
Figure 4.4: Stress-strain curve for alternate and alternate symmetrical fiber 
orientation. 
 


















































This pattern of results which are in favor of the alternate symmetrical might 
be due to the presence of more 0° layer compared to the samples with alternate 
angles. Since sample 1 acts as the benchmark, it could be seen that this sample shows 
the highest strength among the others since this sample consisted of ten layers of 0° 
fiber orientation. The simulation were done by simulating 3-point flexural test, 
therefore 0° layer might withstand more load than other angle orientation since the 
direction is parallel and along with the fiber direction. This finding is similar with the 
results shown by several papers where the sample with 0° layer portrayed the highest 
mechanical properties [7,14,19].  For alternate symmetrical samples, there are six 
layers of 0° fiber orientation while only five for alternate samples. This clarifies why 
the results for alternate symmetrical are better than alternate samples. The presences 
of other angle orientation (45°, 60° and 90°) for sample 2 until sample 7 do not make 
much differences on the results obtained since 0° layers are still dominating the 
results.    
Referring to Figure 4.5 for random symmetry results, sample 12 shows the 
highest strength among all 12 samples due to its design with eight layers of 0° fiber 
orientation and two layers of 45° fiber orientation. Sample 8 also consisted with the 
same number of layers and fiber orientation as sample 12, but it shows a lower 
strength than sample 12. This is due to the different position of the two layers of 45° 
fiber orientation on both samples. For sample 12, the 45° layers were positioned on 
third and eighth layer, while for sample 8 the 45° layers were on the first and the last 
layer. In a nutshell, the positions of the 45° layers on both samples are crucial in 
determining the strength of the BFRP.  
By changing the first and the last layer of sample 8 with 60° fiber 
orientations, resulted with a lower strength of the composite as shown for sample 9. 
Meanwhile, sample 10 and sample 11 are comprised of all three angles of fiber 
orientation but with different stacking sequences. Because of that, sample 11 exhibits 
a better strength as compared to sample 10. From all the results obtained, the 
difference in fiber orientation and stacking sequences could make a huge difference 
on the strength of the BFRP. Refer to appendices for complete data of load/deflection 





CONCLUSION AND RECOMMENDATION 
 In a nutshell, it is important to investigate the effect of fiber orientation and 
layup stacking sequences on the BFRP since it is a newcomer in the composite field. 
By having a simulation of different fiber orientation, the results obtained could be 
used to predict the strength and behavior of the BFRP. The results of simulation for 
3-points flexural test shown that the 0° layer is the main and dominant factor that 
determine the strength of the composite. The highest strength was shown by sample 
1 with ten layers of 0° fiber orientations, followed by sample 12 which comprised of 
ten random symmetry of angles, [0/0/45/0/0]𝑆. These findings could be used to 
determine the suitable applications of BFRP with respect to different fiber orientation 
and stacking sequences. Therefore, the optimum and the best strength and behavior 
could be designed to suit with the applications.  
 There are many more design that could be done on the BFRP, such as by 
having more than ten layers with respect to different fiber orientation and stacking 
sequences. As for this project, the layers are fixed to 10 layers for ease of simulation 
and result interpretations. Since the results showed that 0° layer is the dominant 
factor, it could be concluded that this layer behave as isotropic with a 3-point flexural 
test. In real applications, the composite is expected to withstand load or force not 
only from a single direction, therefore it is crucial to have a composite comprised 
with anisotropic behavior. According to Soden et al. [20], by introduction of other 
fiber orientation such as 30°, 50°, 70° and 80 might help to broaden the analysis of 
the results and also many variations of strength could be chosen to suit with 
applications. Therefore, it is recommended to perform the simulation on the quasi-
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0 0 0 0 0 0.186382 
100 164.3273 0.77252 0.001968 1.0906 0.186382 
200 328.6546 1.545 0.003936 2.1813 0.186382 
300 492.9819 2.3176 0.005904 3.3612 0.186382 
400 657.3091 3.1135 0.007932 5.2475 0.186382 
500 821.6364 4.1738 0.010633 8.4863 0.186382 
600 985.9637 6.377 0.016246 13.567 0.186382 
700 1150.291 11.617 0.029595 22.261 0.186382 
800 1314.618 22.327 0.056879 35.576 0.186382 
900 1478.946 38.28 0.097520 52.795 0.186382 



















0 0 0 0 0 0 
100 164.3273 1.1221 0.002859 1.1125 0.002834 
200 328.6546 2.2441 0.005717 2.2251 0.005669 
300 492.9819 3.4856 0.00888 3.4427 0.00877 
400 657.3091 5.6152 0.014305 5.4583 0.013905 
500 821.6364 9.4726 0.024132 9.005 0.022941 
600 985.9637 15.496 0.039477 14.588 0.037164 
700 1150.291 24.88 0.063383 23.762 0.060535 
800 1314.618 38.58 0.098285 37.264 0.094932 
900 1478.946 56.069 0.142839 54.7 0.139351 





























0 0 0 0 0 0 
100 164.3273 1.3728 0.003497 1.4327 0.00365 
200 328.6546 2.7456 0.006995 2.8654 0.0073 
300 492.9819 4.3414 0.01106 4.6141 0.011755 
400 657.3091 6.9396 0.017679 7.7203 0.019668 
500 821.6364 10.845 0.027628 12.513 0.031878 
600 985.9637 16.759 0.042694 19.445 0.049537 
700 1150.291 26.469 0.067431 30.083 0.076638 
800 1314.618 40.408 0.102942 44.371 0.113038 
900 1478.946 58.022 0.147814 62.43 0.159044 
1000 1643.273 78.798 0.200742 83.568 0.212894 
 
 















0 0 0 0 0 0 
100 164.3273 1.4166 0.003609 1.1487 0.002926 
200 328.6546 2.8332 0.007218 2.2974 0.005853 
300 492.9819 4.5239 0.011525 3.4545 0.008801 
400 657.3091 7.4313 0.018932 4.8866 0.012449 
500 821.6364 11.881 0.030267 7.1768 0.018283 
600 985.9637 18.44 0.046977 11.064 0.028186 
700 1150.291 28.685 0.073077 18.475 0.047066 
800 1314.618 43.015 0.109583 30.676 0.078149 
900 1478.946 60.978 0.155345 47.679 0.121465 
























0 0 0 0 0 0 
100 164.3273 1.1876 0.003025 1.2922 0.003292 
200 328.6546 2.3753 0.006051 2.5844 0.006584 
300 492.9819 3.5802 0.009121 4.3058 0.010969 
400 657.3091 5.1385 0.013091 7.3736 0.018785 
500 821.6364 7.8674 0.020043 12.333 0.031419 
600 985.9637 12.405 0.031602 20.18 0.05141 
700 1150.291 20.325 0.051779 30.937 0.078814 
800 1314.618 32.829 0.083634 44.991 0.114617 
900 1478.946 50.035 0.127467 44.991 0.114617 
1000 1643.273 70.801 0.180369 83.242 0.212064 
 
 















0 0 0 0 0 0 
100 164.3273 1.4214 0.003621 0.88686 0.002259 
200 328.6546 2.8429 0.007242 1.7737 0.004519 
300 492.9819 4.557 0.011609 2.6613 0.00678 
400 657.3091 7.9075 0.020145 3.7408 0.00953 
500 821.6364 13.194 0.033612 5.5539 0.014149 
600 985.9637 21.503 0.05478 9.1452 0.023298 
700 1150.291 32.574 0.082984 15.934 0.040593 
800 1314.618 46.894 0.119465 27.827 0.070891 
900 1478.946 64.549 0.164442 44.228 0.112673 
1000 1643.273 84.992 0.216522 64.225 0.163617 
 
 
 
 
 
 
